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FOREWORD

The U.S. Navy, confronted with increasing training costs and mar-
ginal operational manning, has attempted to improve its posture by develop-
ing a self-paced, Computer Managed Instruction (CMI) System, which has
proved to be successful for the initial training of personnel. The suc-
cess of the system has prompted further research to explore greater
economies and improved manning through the use of communication satellites
to deliver CMI at remote job sites. The project is called Computer Mana-
ged Instruction by Satellite (COMISAT).

The project ic sponsored by the Cybernetics Technology Office, Defense
Advanced Research Projects Agency (ARPA) and the Research and Program
Development Office, Chief of Naval Education and Training (CNET). CNET's
Training Analysis and Evaluation Group (TAEG) serves as the COMISAT Pro-
ject Officer for CNET and as the Contracting Officer's Technical Repre-
sentative (COTR) .

Planning Research Corporation Information Sciences Company, working
with ARPA and CNET/TAEG, is responsible for the project background re-
search and the design, development, implementation and evaluation of

the demonstration.

Others in the project management organizational structure include
various commands and agencies of the U.S. Navy: the Bureau of Naval
Personnel will provide the required personnel; the Naval Telecommunica-

tions Division, Chief of Naval Operations, is to approve the use of
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the Navy telecommunications system for the demonstration; the Naval
Education and Training Information Systems Activities will provide com-
puter support; the Chief of Naval Technical Training will provide the
CMI course; and the Navy Personnel Research and Development Center will

provide support in those areas in which they have conducted relevant

research.
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EXECUTIVE SUMMARY

A. COMISAT Project
1., Background
The acceleration of military personnel costs has caused mili-
tary personnel managers to seek ways to obtain more in return for dol-
lars expended and, where possible, to stabilize or reduce costs. One
major source of accelerated costs is training, a continuing and neces-
sary requirement.

In an attempt to address the training cost problem, the U.S.
Navy developed a self-paced, computer managed instruction (CMI) system,
which became operational in 1973. First, a set of prioritized skills
were derived from task analysis. These skills were translated into learn-
ing objectives and then into learning modules with accompanying self-
paced learning materials and performance measures. The learning modules
were then automated through CMI.

Thus far, the achievements of the CMI system, which provides
a means for guiding and counseling students through a continuum of in-
struction with only minimal staff support, have been dramatic. The sys-
tem has significantly reduced course time, instructional and support per-
sonnel, and student attrition; it has significantly increased student
end-of-course achievement levels; and it has been estimated to have saved over
$10 million in FY 1975 alone.

The computer facility is located near Memphis, Tennessee, and
is accessed via terrestrial lines from Navy training facilities through-
out the United States. In addition to Memphis, training facilities which
are currently using the CMI system are San Diego, Great Lakes and Orlando.
At this time, there are about 5,000 students on the system on a daily
basis.

The success of the CMI system in the continental United States
prompted the Chief of Naval Education and Training (CNET) and the Defense
Advanced Research Projects Agency (ARPA) to become interested in deter-
mining the practicality of, and resource requirements for, extending the
system to Navy personnel at sea or other remote locations. More specif-
ically, the question is being asked: Can further improvements in resource
use be effected by delivering CMI at job sites?
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A, Purpose and Objectives
The purpose of the research project is to evaluate the cost
effectiveness of instructional support delivered at job sites under the
direction and control of a centralized CMI system.

The related objectives of the effort are:

° To determine whether CMI delivered to remote sites produces
the same learning effectiveness as CMI does in the learning
center environment

° To determine whether CMI delivered to remote sites is as eco-
nomical as CMI in the learning center environment

L] To determine whether the attitudes of students, trainers, and
key remote site personnel are supportive of CMI delivered to
remote sites

° To determine the personnel requirements

° To determine the personnel training requirements

® To determine the organization and management structure require-
ments

° To determine the remote site space requirements and operational

procedures for effective use of a CMI training support system

° To determine the equipment, maintenance, spare parts, and logis-
tics requirements

3. Study Phases
As originally conceived, the research effort was expected to
take 29 months and have five phases: a 9-month feasibility study; a
4-month demonstration design; a 6-month demonstration preparation; a
6-month demonstration; and a 4-month evaluation.

The first phase, which is now complete and is the subject of
this report, included gathering background data and information, estab-
lishing resource requirements, and setting the parameters for the demon-
stration. The second phase will use the information from phase one to
determine the most useful approach for conducting the demonstration; in
this phase the research approach will be defined and a detailed plan for
its preparation, execution, and evaluation specified. The third phase
will focus on bringing the demonstration to an operational state through
implementation of the design detailed in phase two; in addition, a trial
run is planned to ensure that all aspects of the demonstration are func-
tioning properly before the actual demonstration begins. The fourth phase
will include executing and monitoring the planned demonstration activi-
ties, making adjustments or changes as necessary, collecting data and in-
formation, preparing it for analysis, and conducting initial analyses.
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The fifth phase will involve evaluating and summing up the results of the
demonstration, drawing conclusions, and making recommendations.

It should be noted that formative evaluation is being conducted
throughout all phases. This continuous evaluation will furnish project
personnel with information helpful to them in assessing the status, qual-
ity, and progress of the products, procedures, and organizational aspects
for which they are responsible and will ensure that satisfactory progress
is made in developing and executing the demonstration.

B. Feasibility Study
1. Purpose

The feasibility study phase was initiated April 1, 1976 and
concluded December 31, 1976. The purpose of the study was to gain an
understanding of the conditions, constraints and parameters that could
influence the design, preparation and conduct of a demonstration, as
well as to explore what communications systems would be available for
an operational system.

2 Work Tasks

Eight basic areas of research were undertaken during the feasi-
bility study. The goals of the research were to determine: the key re-
quirements that must be met to conduct a demonstration; the preferred
communications system; the CMI courses that could be used for the demon-
stration; the operational potential of the objectives; the demonstration
design options that could yield the desired results; whether an economic
model could be developed to conduct a cost-effectiveness analysis; the
demonstration tasks and schedule for their execution; and the communica-
tions system suitable for operationalizing the concept, if found of
value.

a. Key Requirements
It was determined that five basic requirements must be
met to execute the demonstration,

L] Approval for the use of an existing communications system

. Approval for the use of the U.S. Navy CMI computer facility at
Millington, Tennessee

L Selection of a validated CMI course for the demonstration

] Identification and commitment of a specific operational site
to conduct the demonstration

° Identification and commitment of specific U.S. Navy personnel
to participate as subjects and to act in a support capacity

Of the five requirements, the first three have been thor-
oughly analyzed and checked with the potential contributors: a possible
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communications system has been defined and tentatively approved by all
individuals to be involved except the site commander; the use and func-
tion of the CMI computer facility has been defined and tentatively ap-
proved by NETISA; and the existing CMI courses have been analyzed and
possible candidates identified. The other two requirements, which are
interrelated, have been analyzed but necessary commitments have not been
obtained.

b. Preferred Communications System
To determine the preferred demonstration communications
system, it was necessary to conduct an analysis of the available options
including the NASA Application Technology Satellites (ATS) 1, 3 and 6;
the standard Navy message system and voice circuits; domestic commercial
satellites; ARPANET system; and the High Frequency (HF) AUTODIN system.

The analysis included the calculation of data requirements
in terms of the quality of data to be transmitted from the demonstration
site to the CMI computer and return and the response time required; and
the evaluation of the alternatives in terms of performance provided and
costs incurred for the demonstration.

The standard Navy message system was found to be the pre-
ferred communications system. This system would function as follows..
Messages coming to the demonstration site would follow normal message
traffic paths, with student information being routed to the designated
training contact point for distribution to the student. Student mes-
sages, 1.e., tests, leaving the site would be entered into an OpScan 12/17
Source Document Reader, converted to paper tape, and transported to the
site message center. There, they would be placed in the normal message
queue and transmitted in encrypted form via the standard communications
path to the fleet center designated for the particular geographical area.
The message would then proceed over the AUTODIN system and be routed to
the Memphis NAS TCC. At the Memphis TCC, the digital message would be
automatically decrypted and converted to paper tape and page copy form.
For the purpose of the demonstration, the paper tape and page copy would
be transported by hand to the Memphis CMI center, where it would be pro-
cessed. The return messages, i.e., test results and prescriptions, would
be outputted in the form of a paper tape. 1In the return leg, the paper
tape would be delivered to the Memphis Message Center, where the reverse
transmission path would be followed back to the site.

c. CMI Courses

Seven courses were analyzed to determine their potential
for use in the demonstration. Of these, five--Basic Electricitvy and
Electronics (BE&E), Aviation Fundamentals (AFUN), Aviation Machinist Mate
(ADJ), Avionics (AV) and the common core for Boiler Technician (BT), Ma-
chinist Mate (MM) and Engineman (EN)--are currently on CMI; one--Radio-
man (RM)--will soon be on CMI; and one--General Damage Control (GDC)--is
a possible candidate for CMI.

xix




TAEG Report No. 44

Of the seven courses analyzed, the RM course, which ends
with a rating, appears to be the best suited for the demonstration; this
course would be applicable whether the demonstration site is a land base
or a ship. However, if a ship is specifically interested in a course
that would aid in the improvement of its operational effectiveness, the
GDC, if placed on the CMI system, would be applicable. Since BE&E and
the common core for BT, MM and EM are prerequisite courses, their appli-
cability would be limited to site personnel who missed them for some
reason or who wish to change rates.

d. Objectives' Operational Potential
The eight project objectives were analyzed to determine
whether measures could be defined to operationalize them and whether in-
strumentation exists, or would have to be devised, to collect the data.

It was found that all objectives can be operationalized
and that instrumentation either exists or can be devised for collecting
most data. However, care would be needed in developing data collection
approaches for all except Objective 1, which is handled by the CMI sys-
tem. Because of its comprehensiveness, Objective 3 could be the most
difficult to achieve.

e. Demonstration Design Options

In an effort to determine whether a suitable research de-
sign could be developed for the demonstration, a number of alternative
designs were explored. Two basic designs were found to be best suited
for the research: the traditional pretest/posttest control group design,
where random assignment of subjects to research conditions is assumed;
and the non-equivalent control group design, where the treatment is ran-
domly assigned to existing groups of subjects.

The first design has applicability if new personnel are
used as subjects; the second design if existing personnel are used. 1In
either case, for statistical reasons a minimum of 60 subjects would be
desirable--30 for the experimental group and 30 for the control group.

Concerning the first design, an acceptable approach would
be to randomly assign personnel entering the Navy to the control and ex-
perimental groups. All subjects would initiate their training at an A-
school. The experimental group would receive a portion of their train-
ing at the A-school and then be assigned to an operational (demonstration)
site(s) for the remainder of the CMI training, which would be inter-
spersed with normal duties. The control group would complete their A-
school training at the schoolhouse and be assigned to normal duty sta-
tions. Measures of the experimental group's course module success would
be taken over time and compared—in terms of time to complete and, where
applicable, level of achievement--to the control group's success in com-
pleting those same course modules.

The second design approach would be applicable if new,
partially trained personnel would not be acceptable to a demonstration
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site. In this situation, a subset of existing personnel at the demonstra-
tion site would be selected to be the experimental group; the control
group would be selected from a number of A-school classes taking the same
course. Comparison would be made as in the first design.

Vi Economic Model
The objective of the economic model work was to arrive at
a theoretical cost model which could be used to compare possible design
options for an operational CMI system. The model addresses the preferred
system for different future time periods and student load conditions, all
of which would be input to the development of a master implementation
plan, if the concept is found to have merit.

The economic model is based on two assumptions. First,
the only training system alternatives to be evaluated are those using a
form of CMI; therefore, training systems using Instructor Managed Instruc-
tion (IMI) or traditional classroom instruction were not considered. Sec-
ond, the performance and cost data to be used will be based on the current
operational CONUS-based CMI system, the COMISAT demonstration and the
NPRDC minicomputer CMI demonstration.

g- Project Tasks and Schedule
Work to be conducted during the last four phases of the

project has been analyzed in light of the status of the five conditions
noted earlier as well as other factors which might influence schedule
slippage. Because a site, a course and personnel to be used for the dem-
onstration were not specifically identified during the feasibility phase,
there is likely to be a 2- or 3-month delay in the start of the demon-
stration. The start date would then be January or February 1978, rather
than November 1977 as originally planned.

hya Operational System
In order to determine whether the COMISAT concept could

be operationalized given a successful demonstration, an analysis of al-
ternative communications systems was conducted. The analysis covered all
satellite and other communications systems that might be available on a
worldwide basis to handle the additional message traffic generated by the
CMI function and included consideration of the possible impact of current
Joint Chiefs of Staff (JCS) policy directives on an operational COMISAT
system. Based on the analysis of the systems and the varying communica-
tions loads that were postulated, it was concluded that operational systems
would be available to handle some CMI-type training data.

(G2 Conclusions
As a result of the feasibility study, the following conclusions were
reached:

° The U.S. Navy communications system should be used for the
demonstration.
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The proposed demonstration is technically feasible and can be
operationalized with existing hardware and within the current
Navy communications system.

The additional resource requirements for the conduct of the
demonstration are relatively small and should pose no major
obstacle.

Each objective can be realistically operationalized and the as-
sociated data collected.

The available or soon to become available CMI courses would be
adequate for the purpose of the demonstration.

A research design can be developed which would yield the de-
sired project results.

Keeping the original project schedule is highly unlikely, re-
quiring a 2- to 3-month slippage.

Technically, it would be possible to operationalize the COMISAT
concept, since the present and future Navy communications and
NETISA computer systems would be able to support some
operational site training.

Recommendations

Based on the conclusions, the following recommendations are made:

Pursue the project into the design phase.

Continue to seek a demonstration site--land or sea--for the
conduct of the demonstration.

If a demonstration site is not designated within the design
phase, terminate the project.

If a demonstration site is designated within the design phase,
plan for a January or February 1978 demonstration start date.

%A%
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Chapter I
INTRODUCTION

A. Background
This joint Defense Advanced Research Project Agency (ARPA)/Chief of

Naval Education and Training (CNET) research effort was prompted by the
increasing cost of resident schoolhouse training and the need for a
means to support training at job sites to improve operational readiness.
The U.S. Navy was selected to be exemplary of the needs and problems
associated with an operational military unit since the Navy operational
environment represents the epitome of remoteness that might be expected
of a military unit and therefore offers a unique challenge; in addition,
CNET has developed a self-paced Computer Managed Instruction (CMI) sys-
tem which has direct application to the research problem. Further, the
Navy has developed a reliable communications system that permits com-

munications with any naval site in the world.

9 CMI System
In an attempt to address the training cost problem, the U.S.

Navy developed a self-paced CMI system which became operational in 1973.
The systems approach to instructional development was used to provide

a set of prioritized skills derived from task analysis; these skills
were translated into learning objectives, then into learning modules
with accompanying self-paced learning materials and performance mea-
sures. The learning modules were then automated through CMI. 1In effect,
CMI provides a means for guiding and counseling students through a con-

tinuum of instruction with only minimal instructor staff support.
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The computer facility is located at Millington, Tennessee, near
Memphis and is accessed via terrestrial lines by Navy training facilities
throughout the U.S. Training facilities besides Memphis which are cur-
rently using the CMI system are San Diego, Great Lakes, and Orlando. A
total network to include most A-school training sites is to be completed

in the future.

In the resident training environment, the achievements of the
CMI system have been dramatic. It has significantly reduced course time,
instructional and support personnel, and student attrition; it has sig-
nificantly increased student end-of-course achievement levels; and it has

been estimated to have saved over $10 million in FY 1975.1

2, U.S. Navy Communications System

The U.S. Navy communications system is comprised primarily of
cable, high frequency (HF), and communications satellite components. The
satellites are recent additions to the system, with the first becoming
operational over the /Atlantic Ocean in April 1976 and the second over the
Pacific Ocean in July 1976; the third was launched over the Indian Ocean
in December 1976 and is scheduled for operation in January 1977. Thus,
the U.S. Navy has the capability to provide timely and reliable communica-

tions almost anywhere in the world.

B. Project Description

L. Project Purpose

The purpose of the research project is to evaluate the cost-
effectiveness of instructional support delivered at job sites when under

the direction and control of a centralized CMI system.

2. Project Objectives

Because the project is to explore the possibility of operation-
alizing the concept, there are eight primary objectives. They are to de-

termine:

1WOrth Scanland, "Computer Managed Instruction-Navy Style," Campus.
December 1975. pp. 25-27.
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o Whether CMI delivered to remote sites produces the same
learning effectiveness as CMI does in the learning center
environment

L Whether CMI delivered to remote sites is as economical as

CMI in the learning center environment

L] Whether the attitudes of students, trainers, and key remote
site personnel are supportive of CMI delivered to remote sites

L] The personnel requirements

® The personnel training requirements

] The organization and management structure required

° The remote site space requirements and operational procedures

for effective use of a CMI training support system

® The equipment, maintenance, spare parts, and logistics require-
ments

3 Project Phases

As originally conceived, the research effort was estimated to
take 29 months and have five phases: a feasibility study; a demonstration
design; the demonstration preparation; the demonstration; and the eval-

uation of the demonstration.

The first phase includes gathering background data and informa-
tion, establishing resource requirements, and setting the parameters for
the demonstration. The second phase, using the information from phase one,

_involves determining the most useful approach to be used to conduct the
demonstration; here, the research approach to be undertaken will be defined
and a detailed plan for its preparation, execution, and evaluation spec-
ified. The third phase focuses upon bringing the demonstration to an op-
erational state through the implementation of the design detailed in phase
two; in addition, a trial run is included to ensure that all aspects of

the demonstration are functioning properly before actually conducting the
effort. The fourth phase includes the execution and monitoring of the
planned demonstration activities, making ad justments or changes as nec-

essary, collecting data and information, preparing it for analysis, and
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conducting initial analyses. The fifth phase involves summing up the
results of the demonstration, drawing conclusions, and making recommenda-
tions. Relative to the evaluation, it should be noted that in order to
ensure that the development and execution of the demonstration is progres-—
sing satisfactorily, formative evaluation is being conducted; the purpose
is to furnish project personnel with information helpful to them in as-
sessing the status, quality, and progress of the products, procedures,

and organizational aspects of the demonstration for which they are re-

sponsible.

C. Feasibility Study

The feasibility study phase was initiated April 1, 1976 and con-
cluded December 31, 1976. This report contains the findings of the study.
It should be remembered that the purpose of the feasibility study was to
conduct preliminary research so there could be an understanding of the
conditions, constraints and parameters that would influence the design,
preparation and conduct of a demonstration, as well as to explore what
communications systems would be available to become operational should

the demonstration results indicate this as desirable.

The results of the study are presented in the following chapters:
Chapter II discusses the five basic requirements that must be met in
order to conduct a demonstration and assesses whether they have been met
or are achievable. Chapter III presents the analysis which was conducted
to determine the communications system which is preferred for a demon-
stration. Chapter IV provides an analysis of the available CMI courses
which possibly could be used for a demonstration. Chapter V discusses
the demonstration objectives, related measures, and the existing or needed
instrumentation for data collection. Chapter VI outlines possible demon-
stration design options which could be used to yield the desired outcome.
Chapter VII provides the economic model approach for the conduct of the
cost-effectiveness analysis for providing CMI at remote sites. Chapter
VIII addresses the tasks to be executed and the associated time table

depending on the demonstration site and personnel to be involved and the
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type of course that could be used. Chapter IX analyzes the communications

systems which are suitable for operationalizing a CMI system to service

schoolhouse and operational unit training. Chapter X discusses the con-
clusions which have been reached and presents recommendations relative

to the viable options available.

5/6
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Chapter II
DEMONSTRATION REQUIREMENTS, CONDITIONS AND CONSTRAINTS

A. Introduction

To plan, conduct and evaluate the use of a naval communications sys-
tem for providing a computer-managed instruction system at remote sites
would require the cooperation and contribution of numerous U.S. Navy com-
mands and agencies. At the outset of the Feasibility Study, entities
needed to provide inputs were identified along with their possible con-
tributions. Throughout the study, we have attempted to define the spe-
cifics of the contributions considering the conditions, constraints, and
realities surrounding a demonstration, and to determine whether the con-

tributions are possible.

Five basic requirements were established for the execution of the

project: They are:
° The use of an existing communications system
L An operational site where the demonstration can be executed

] The use of the U.S. Navy CMI computer facility at Millington,

Tennessee
L A validated CMI course
L U.S. Navy personnel to participate as demonstration subjects

and to provide support

The key contributing commands and agencies identified to meet the

requirements are:

L] The Naval Telecommunications Division, Chief of Naval Operations
(0P-941)
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] Commander-in-Chief, Pacific Fleet, and Commander-in-Chief,
Atlantic Fleet, or other command and/or agencies responsible
for land sites.

] Naval Education and Training Information System Activities
(NETISA), Naval Education and Training Command

L] Chief of Naval Technical Training (CNTECHTRA), Naval Education
and Training Command

L U.S. Navy Bureau of Personnel (PERS212)

B. Requirements and Status

h I8 Communications System

Initially, a NASA satellite (ATS-6) was proposed for the demon-
stration; but, after conducting an analysis of alternative communications
systems which explored the communications needs and associated resource
and time requirements for executing the project, it became apparent that
the most practical approach is to use the existing U.S. Naval telecom-

munications system.

a. Requirements

The basic requirements for use of the U.S. Naval telecom-
munications system are minimal since the CMI communications can be treated
as normal message traffic. This is based on the assumption that there is

no need for:
] Online communications, or

e A dedicated communications channel

The communications system requirements include:

® The use of a communications link between a remote demonstration
site and a U.S. Navy Communications Area Master Station (NAVCAMS)

° The use of the AUTODIN communications link between the NAVCAMS
and the Memphis NAS Telecommunications Center (TCC)

° The ability to handle 62 messages per day, two emanating from
the remote site and 60 returning from the CMI computer center
at Millington, Tennessee
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L] The reception and transmission of paper tape messages at the
Memphis NAS TCC

L] The transmission of messages in paper tape form at the remote
demonstration site TCC

b Status
With the exception of the last item above (the remote site
interface), the communications system requirements have been analyzed,
operational procedures verified by COMNAVTELCOM and the Memphis NAS TCC,

and tentative approval gained for their use.

Consequently, the recommended COMISAT communications sys-
tem would function as follows. Messages coming to the demonstration sitg
would follow normal message traffic paths with student information being
routed to the designated training contact point for distribution to the
student. Student messages, 1l.e., tests, leaving the site would be entered
into an OpScan 12/17 Source Document Reader and converted to paper
tape and transported to the site message center.1 There, they would be
placed in the normal message queue and transmitted in encrypted form via
the standard communications path to the fleet center designated for the
particular geographical area. The message would then proceed over the
AUTODIN system and be routed to the Memphis NAS TCC. Here, the digital
message would be automatically decrypted and converted to paper tape and
page copy form. For the purpose of the demonstration, the paper tape
and page copy would be physically transported to the Memphis CMI center,
where it would be processed; and the return messages, i.e., test results
and prescriptions, would be outputted in the form of a paper tape. In

the return leg, the paper tape would be delivered to the Memphis Message

lThe use of paper tapes and couriers for interfaces should not be con-
strued as how an operational system would function. The approach sug-
gested for the demonstration is the result of time, resource, and policy
limitations which would not permit a "hard wire'" interface. However, an
operational system would be designed to have electronic interfaces so that
full advantage could be taken of the power of the CMI system.
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Center, where the reverse transmission path would be followed back to

the site, where the incoming message would be distributed as noted above.l

In sum, commands and agencies which are responsible for
the various components of the Naval telecommunications system, except
for the demonstration site interface, have indicated that the communi-
cations system would have no problem supporting the COMISAT demonstra-

tion, and they anticipate no problems in operationalizing the required
support.

2. Demonstration Site

0f primary importance to the demonstration is the selection of
a demonstration site. In order to determine the value of CMI for provid-
ing operational units with an instructional management system to support
all types of training and reduce administrative burdens and improve the
availability of assigned personnel, as well as the potential for provid-
ing portions of A-school training at the job site, it is desirable to

demonstrate the concept in the Fleet or at a remote land naval base.

a. Requirements

(1) Demonstration Subjects

A requirement which would need to be imposed on a
ship or remote land location is the sample size. For statistical rea-
sons, a minimum of 30 experimental subjects would need to be absorbed or
made available. To save the developmental cost of course material for
the demonstration, it was assumed that existing A-school CMI courses
would be selected for the demonstration.2 Consequently, this would lim-

it the demonstration subjects to personnel needing such training.

1For a discussion of the recommended communications systems, see Chapter
Sl

2This does not necessarily preclude the possibility of a course being

placed on the CMI system specifically for the demonstration.
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Personnel entering the Navy as well as operational personnel who for some
reason missed the particular A-school course selected for the demonstra-

tion would be candidates.

There are two classes of personnel who may partici-
pate in the demonstration as demonstration subjects; we have classified

them as "new'" and "existing" Navy personnel. For the purpose of this

report we define these classes as:
L] New Navy personnel--recruits just entering A-school

L Existing Navy personnel--rated or nonrated and assigned to
an operational site

If new Navy personnel were to be used, they would need
to receive part of their A-school training at a CONUS training facility
to insure sufficient familiarity with aspects of the course content for
the purpose of conversance and safety; at some point the students would
go to the demonstration site to complete their A-school training. If
personnel already assigned to the ship or remote land location were to be
used as demonstration subjects, all A-school training could take place at

the operational site.

To insure that the site selected for the demonstra-
tion would not be penalized if new Navy personnel were used, such person-
nel should be additions to the normal site manning. While additionms,
they should be treated as normal site personnel available for daily du-
ties except for a period of approximately two hours a day, when CMI sup-
ported training would take place. Since CMI materials are individual-
ized, the demonstration subjects could be scheduled throughout the nor-
mal work days; consequently, there would be no requirement for all sub-

jects to convene for training at the same time.

(2) Equipment

By using the normal Navy communications system, the

equipment requirement for the demonstration would be minimal. The site

11
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selected would need to have communications gear for quality communication
with the Memphis Computer Center. If the demonstration site should be a
ship, those ships with WSC-3 or -5 terminals would be candidates.
Therefore, no ship communications system modification would be required.
Should a land site be selected, it should have a similar type terminal
for communicating via Gapfiller, or other type quality communications

paths for interfacing with Memphis.

In either case, only one additional piece of equipment
would need to be installed. This is an OpScan 12/17 unit, 3'x 3-1/2' x 1-1/2°,
weighing 75 to 100 pounds. A 70° to 80°F. environment would be needed for
its operating location. The power requirements are limited to 110-120 VAC.

No ECM or Tempest problems would exist. It would be necessary to have the
OpScan connect with a UGC-6 teletype to produce output tape to which header
and trailer would be added.

Maintenance requirements are assumed to be minimal.
It is anticipated that the site's ET or other qualified personnel would
be factory trained (10 working days) on the OpScan device. Preventive
maintenance would take at the most two hours work per week for the period
of the demonstration. Storage space would be required for one back-up
OpScan and spare parts equal to one-half the size of the unit itself.
Setup and takedown requirements for the OpScan would take approximately

1 day and be accomplished by either the EDTRACOM or a contractor.

(3) Personnel
Personnel needing to be accommodated at the site,
other than the demonstration subjects, would be a well-versed '"learning
supervisor" provided by CNET; the supervisor role would be to aid stu-
dents and to observe and monitor the instructional activities for the
purpose of capturing representative data needed for evaluative purposes.
Periodically, one PRC representative would also need to be accommodated

as he visits the site to aid the supervisor.

12
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Demands on site personnel would appear to be minimal
since no interruption of normal site operations is anticipated once the
demonstration subjects have been absorbed into normal work schedules and

routines.

(4) Space
Space would be required for the storage and use of
learning materials and for audiovisual equipment use. Storage space
would not exceed an area 4'x2'x4' in size. Further, a study testing
area would be required for reading, using the audiovisual equipment,
testing, and accommodating the learning supervisor. The area should be
able to accommodate simultaneous use by two students and the supervisor
and contain at least two small learning carrels or desks and a small

desk for the supervisor.

b. Status

Whether the requirements can be met is not known since no
representative demonstration sites have been visited. Furthermore, a
demonstration site has not been provided. However, the Commander-in-
Chief, Pacific Fleet, and the Commander-in-Chief, Atlantic Fleet, and
their staffs, have been briefed and a request made for a ship(s). Also,
enclosure (4) to OPNAV Instruction 3960.10, which establishes and outlines
procedures to obtain fleet services for test and evaluation services,
should be followed. Similar approaches should be taken by CNET to ob-

tain a remote land site.

3y, Compu ter Facilitzl

To conduct the demonstration it is necessary to use the U.S.
Navy CMI Computer Center at Millington, Tennessee. The center would
function primarily as it currently does in providing training to loca-

tions in the United States. It is anticipated that some changes in

1For a discussion of the computer facility operation for the demonstra-

tion, see Chapter III.

13
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operational procedure and computer programs would be needed; however,
this should be undertaken with an assurance not to hamper normal opera-

tions.

a. Requirements

(1) NAS TCC--CMI Center Interface

Because of the time, costs, and policy problems as-
sociated with gaining COMNAVTELCOM approval for a communications line be-
tween the Memphis NAS TCC and the CMI center for a demonstration, manual
rather than electronic communication interfaces would be required. There-
fore, there would be a need for the following:

L] A courier to pick up and deliver paper tape messages between
the Memphis NAS TCC and the CMI center

] A UGC-6 teletype at the CMI center which can be used to read
the tape containing batched student messages into the computer,
and produce output message tapes to be delivered to the TCC

L Computer programs to translate the paper tape message from Baudot
into ASCII ccde and prepare the data for normal processing; also
to convert ASCII to Baudot for transmission to the demonstration
site

(2) Data Identification, Processing and Output

The demonstration data would need to be identifiable
so that correct messages are transmitted to the demonstration site, as

well as stored for analysis. The general requirements include:

° Coding all data associated with the demonstration students
for retrieval and storing it in historical files

] Batching all normal student messages and returning them to the
demonstration students

L] Printing administrative data and sending it to the demonstra-
tion site via a normal mail dispatch

® Providing periodic historical file tapes for analysis

14
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(3) Operating Schedule

The demonstration would conform to the normal operat-
ing hours and days of the CMI computer center. Thus, a 16-hour Central
Standard Time work day and a 5-day work week operating schedule is antic-
ipated. However, if transmissions should occur during nonoperating
hours, incoming messages would collect at the Memphis NAS TCC through
a 24-hour, 7-day week period.

(4) Personnel

Additional center personnel may be required to in-

clude:
] Systems analysts/programmers to modify existing and produce new
programs as required
° As noted above, a courier for message pickup and delivery
® An individual responsible for inputting the demonstration data

tape to the computer and handling the output tape; handling
administrative report mailing; and providing weekly historical
data tapes for analysis

(5) Equipment
There would be a requirement for a UGC-6 teletype to

translate the data tapes; however, this may be filled by the time of the
demonstration since one is to be purchased to support normal center

activities.

It is also possible that NETISA would arrange for the
demonstration site OpScan 17 and associated spare parts. It is antici-
pated that two OpScans would be needed; one operational and one to serve
as a backup. Further, it is anticipated that NETISA could arrange for

demonstration site personnel (ET) OpScan maintenance training.
b. Status

The above requirements have been discussed in detail with

NETISA personnel and all are within the realm of possibility given that

15
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sufficient resources and time are available. Funding would need to be
made available for hiring the additional personnel and obtaining the nec-

essary equipment.

4, The CMI Coursel

To conduct the demonstration, at least one CMI course would
need to be made available. Existing A-school CMI courses could be used,
or an operational training course could be converted to CMI. Five2
A-school courses are currently operational, with 8 expected by the fall

of 1977. All courses would be candidates for the demonstration.

a. Requirements

There are a number of fundamental requirements for the

selection of a course. They are:

L] The course should be validated.

® It should be acceptable to the demonstration site vis-a-vis a
felt need.

L] Associated course materials and equipment should be storable

in the available area.

Whether the demonstration subjects are new Navy personnel
or existing personnel located at the demonstration site would impact the
course length requirement. If the demonstration subjects are new, the
course length could be greater since a portion of the training would take
place at a CONUS training facility and the remainder at the remote site.
However, 1in either case the training that would take place at the demon-
stration site could not exceed 250 hours. This is assuming 25 weeks of
training (length of demonstration period--6 months), 2 hours a day, 5

days a week.

lFor a discussion of the candidate courses, see Chapter VII.

2
These include BE&E, AFUN, ADJ, AV and the Common Core for
MM, EM, and BT.

16
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The demonstration site would also impact the course to be
selected. If the site were a ship, the course selected would need to be
limited in its materials and AV equipment because of limited space. Fur-
ther, the course could not be one that would degrade the operational ef-
ficiency and effectiveness of the ship. Courses which require the dis-
mantling and operation of equipment, such as maintenance training, would
not be acceptable. Consequently, courses that would be candidates for
ships would be limited to subjects that train personnel in equipment

operations and monitoring, or address purely cognitive learning.

If the demonstration site were a remote land base, the
number of candidate courses may increase since the various training aids
not permitted on a ship (i.e., laboratory training devices) possibly
could be provided for at a land site. Therefore, operator as well as

maintenance type training courses could become candidates.

Finally, the course used for the demonstration would need
to provide training equal to that received in a CONUS training facility
and be a complete package which, in the case of new personnel, would cul-
minate in a "striker" designation and immediate assignment to an opera-
tional unit, preferably at the demonstration site. In this way, students
would not be penalized by the need to return to A-school to complete or

retake the course and thereby slow their normal rate of advancement.

b. Status

Meetings have been held with CNTECHTRA personnel; a num-
ber of training facilities and the San Diego IPD center have been visited,
and various course materials obtained. Available courses have been an-
alyzed and five candidates identified. These include Radioman, Boiler
Technician, Machinist Mate, Basic Electricity and Electronics, and Gen-
eral Damage Control. Assuming that the total Radioman, Boiler Techni-
cian and Machinist Mate courses are to be on CMI by October 1977, they
would be the candidates if new personnel were selected to be demonstration

subjects. All courses could be candidates if existing personnel were

17
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chosen as demonstration subjects. Site personnel who have not had an
opportunity to attend or who passed up A-school could receive at least
a portion of their training in the above courses with the exception of
the General Damage Control course. Relative to General Damage Control,
the majority of ships personnel would be eligible to receive training
except for the hull maintenance technician personnel who receive this
training at A-school. Of course, the General Damage Control course

would only be applicable on a ship.1

5: Demonstration Personnel

Three types of U.S. Navy personnel would be needed for the
demonstration: demonstration subjects, learning supervisors and main-

tenance personnel.

a. Requirements

(1) Demonstration Subjects : .

As noted before, subjects would be either new or ex-
isting U.S. Navy enlisted personnel. A minimum of 60 would be needed,
30 for the experimental group and 30 for the contrcl group.2 They would
need to be randomly selected and assigned to groups or paired. To off-
set attrition, a factor equal to the normal attrition rate associated
with the course of study would need to be determined and personnel add-

ed to the sample size accordingly.

For those individuals who would be selected for the

project, it would be necessary:

° To determine whether involvement is in violation of recruit-
ment contracts

1For a detailed discussion of the courses, see Chapter I1V.

2The total number of subjects that would be needed depends on the research
design chosen; however, at a minimum, 60 subjects should be used if para- ‘
metric statistical analysis is to be undertaken. Nonparametric analy-

sis would permit fewer numbers to be used.
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° To obtain signed permission for their participation and to
gather personal information/data for the purpose of the
demonstration

(a) New Personnel

Should the subjects be recruits, they would be
assigned to the same CONUS training facility where the experimental
group would receive a portion of their training prior to being assigned
to the demonstration site for the completion of their training. The con-
trol group would receive the totality of their training at the CONUS
facility, and then be assigned to their respective duty stations. From
an experimental point of view, it would be ideal if both groups could be
assigned to the same duty station (demonstration site). However, this

is not a necessity.

As noted previously, personnel in the experi-
mental group would need to be assigned as additions to the existing dem-
onstration site compleuent and be available for normal duties, but be
allowed to train at least two hours a day. Additional billets would not
need to be assigned to the demonstration site over the fleet account;
instead, CNET could provide for the students out of student billet alloca-

tion.

An attrited experimental subject would need to
be treated like an attrited CONUS schoolhouse student. He would be as-
signed to normal duty at the demonstration site or another duty station.
Subjects completing the course would assume regular duties at the demon-
stration site or another duty station if they cannot be absorbed at the

site.

The control group would need to be treated as
normal CONUS training students, and then be assigned to a duty station
after completion of the total course. If comparisons of performance

vis—a-vis the experimental group are to take place over the demonstration
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period as noted above, it would be ideal to assign them to the demonstra-
tion site. However, should members of the control group be assigned to
various duty sites, a procedure for periodically monitoring their per-
formance would need to be developed to insure valid comparisons. This

would include:

° Establishing criteria of performance measures

L] Developing a measurement procedure

L4 Training personnei in measurement

° Establishing a schedule for measuring performance during the

demonstration period

If comparisons were to be made only using the control group's course re-
sults obtained at the completion of A-school, then there would be no
need to monitor their job performance after they are assigned to their

duty station.

(b) Existing Personnel

The use of existing personnel would reduce demon-
stration subject requirements; nevertheless, the same minimum number of
subjects and background information would be needed, but the requirement
for moving and absorbing personnel would be eliminated. If the demon-
stration site has sufficient numbers of individuals needing the training
being offered, the control and experimental group could be co-located.

If not, different control and experimental sites would need to be selected.

(2) Learning Supervisor

The requirements for a learning supervisor would be
the same for the demonstration subjects whether they are new or existing

U.S. Navy personnel. Basically, the supervisor would need to be:
@ Selected from a group of volunteers
° Trained in the training procedures for the demonstration and

the data collection and student monitoring functions prior to
the demonstration
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< Located at the demonstration site for a period of seven months-—-
one month for the trial run and six months for the demonstration

° Available at the demonstration site to supervise learning and
monitor and record student information and data as required

> Available to work with the evaluation team for at least 30
days after the demonstration

The learning supervisor would need to be assigned
as an addition to the demonstration site personnel, but additional bil-
lets would not be needed because CNET could provide for the supervisor
from its personnel allocation. While the supervisor would be available
for normal demonstration duties, as time permits, it would seem more
likely that the majority of his time would be consumed by demonstration
duties.

It should be noted that one of the major functions of
the learning supervisor would be to obtain information indicative of how
the CMI system could be blended into the daily activities of the demon-
stration site, as well as how an operational site would organize its op-
erations to manage the system. Further, it would be expected that the
supervisor would work with the research team during the Evaluation Phase

of the project.

(3) Maintenance Personnel

As was mentioned previously, it would be necessary
for one maintenance person to be made available for preventive and cor-
rective maintenance on the OpScan. In order to reduce the number of
persons that a demonstration site would need to absorb, it would be de-
sirable to have an ET or a comparable skilled rate provided by the site.
Basic requirements include:

e Attending a 10-day OpScan maintenance course at a CONUS
location

21




TAEG Report No. 44

° Providing two hours a week of preventive and corrective main-
tenance as required

L] Recording maintenance information on appropriate maintenance
forms
e Providing services for a period of seven months--one month

trial run, six months demonstration

b. Status

Discussions have been held with BUPERS 212 and the basic
personnel requirements have been presented. The major area of concern
expressed by BUPERS involves a site's ability to absorb the demonstra-
tion sample size, particularly if it would be a single rate, and the
possible problem partially trained recruits might bring to an operation-
al unit. However, the use of new personnel has not been determined to
be an insurmountable problem. Nevertheless, no background information
on how to proceed has been obtained, since BUPERS indicated a demonstra-
tion site must be identified before further action can be taken. It is
anticipated that no problems like those mentioned above would be encount-

ered if existing site personnel were used for the demonstration.

Ga Summary
Of the five basic requirements, three have been thoroughly analyzed

and checked with the potential contributors: a possible U.S. Navy com=-
munications system has been defined for the demonstration and tentatively
approved by all individuals to be involved with the exception of the
demonstration site commander; the use and function of the CMI computer
facility has been defined and tentatively approved by NETISA; and the
existing CMI courses have been analyzed for potential use in the demon-
stration and possible candidates identified. If a non-existing course
would be used, additional time and money would be required to operation-
alize it. 1In all of the above cases, official tasking would be required,
and manpower and funds would need to be made available. The two require-
ments which have been analyzed but which have not been checked out in

detail are the demonstration site and demonstration nersonnel. Both are
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interrelated; details on possible demonstration personnel cannot be

worked out until a demonstration site has been identified.

The details relative to the demonstration requirements, conditions

and constraints are provided in the following chapters.
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Chapter III
ANALYSIS OF POSSIBLE DEMONSTRATION COMMUNICATIONS SYSTEMS

A. Introduction

This chapter describes the analysis performed in determining the

preferred communications system to be used for the demonstration. This
analysis included these parts:
° Calculation of data requirements in terms of the quantity of
data to be transmitted from the ship to the CMI computer in
Memphis and return, and the response time required.
® Analysis of the communications system alternatives considered.
. Evaluation of these alternatives in terms of performance pro-

vided and costs incurred for the demonstration, leading to a
selection of the recommended system.

B. Data Requirements of the Demonstration System

This section describes the requirements to be met by the communica-

tions system during the demonstration,1 including:

L] The amount of data to be transmitted from the ship to the CMI
computer.

° The amount of data to be transmitted from the CMI computer to
the ship.

° The time response required for the two-way communication.

1An estimate of the data requirements of the operational system is con-
tained in Chapter IX.
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I Average Data Transmission Requirement for Each Type of Message

The following data represents current operating experience at

the CMI computer center for all courses on line in July 1976.

a. CMI Message Sent (from student to CMI computer)

There were an average of 18,000 student inputs to the CMI
computer per day. Since there were 3,000 students enrolled and each stu-
dent studied six hours per day, this results in an average of one CMI

message sent for each hour of training.
Based on the total data handled per unit time, the average
CMI message sent for all CMI courses currently on line contains a total

of 81 characters (including student and lesson identification).

b. CMI Message Reply (from CMI computer to student)

There is one reply for each message and, as stated pre-

viously, this occurs for each hour of student training.

The average CMI message reply contains a total of 1,600
characters (although a reply can be as large as 12,000 characters for the
BT/MM course).

Gls Administrative Message Reply (from CMI computer to
learning supervisor)

In addition to the CMI message replies, there are a num-
ber of administrative messages currently sent to the learning supervisor
in response to his query. While the final designation of which messages
will be available to the learning supervisor during the demonstration and
the specifications of the format of such messages will be made during the
next phase, we have arrived at the following conclusions:

° The most important information for the learning supervisor to
have is the names of all students who are lagging by more than
a given amount of time behind where they should be in the course.

This information can be obtained by combining the following
factors:
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-- The predicted chronological milestones for successfully
completing each test. This is obtained from the pre-
dictor algorithm based on the student's battery of re-
cruit testing and the training schedule over time.

-- The amount of time that will be allowed to pass beyond
a milestone before a student will be classified as
"deficient" and his name will be sent to the learning
supervisor.

° Most of the rest of the administrative messages pertain to
other matters and will probably not be needed during the
demonstration.

2. (MI Message Batching and Formatting
Contact was made with COMNAVTELCOM to determine the standard

Navy message form which each of these two types of CMI messages must fol-
low. Table ITII-1 illustrates the format1 of a student message from the
ship (USS Kennedy, for example) to the CMI computer at Memphis, as pro-
vided by COMNAVTELCOM. This message consists of a 208-character header,
message text which cannot exceed 40 lines, each containing about 62 char-
acters, and a 59-character trailer. Since the average CMI message sent
contains 81 characters, including identification of the student, course,
and lesson, batching of student messages is required for efficient data
transmission. In fact, the most efficient data transmission would be ob-
tained by using a special end of message character printed on the OpScan
sheets, running all CMI messages together into one large tape, and let-
ting the NAVMACS2 A-Plus computer on the ship divide the total message
into separate segments of 40 lines each. Using an end of message char-
acter, the average CMI message sent would contain 82 characters. Based
upon 62 characters per line and a maximum block of 40 lines of text, the
number of CMI messages sent, Ns that could be batched in a single mes-

sage 1is, on the average:

1Since the message shown in Table ITI-1 is manually generated, no car-
riage return symbol is shown, as is the case for the computer generated
message shown later.

2Navy Modular Automated Communications System.
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0

= 30.2 CMI messages sent per Navy message sent

iN
+ (%
B

Thus, the total data requirements of a Navy message containing 30 CMI

messages sent in the text can be calculated as follows:

Header (see Table III-1) 208 characters
Text (30 x 82) 2,460 characters
Trailer (see Table III-1) 59 characters

Total 2,727 characters

Table I11-1. NTCS Format of CMI Message Sent
from Ship to CMiI Computer, Memphis:
Delivery in Tape-to-Card (Data Pattern
Format) to NETISA Detachment, Memphis

RTCUDAZZ RULYSAA 1234 2081300 MTMS-UUUU-RUCIFMA.

ZNR UUUUU .
R 061300Z OCT 76

FM USS JOHN F KENNEDY

TO RUCLFMA/NETISA DET NAVAL AIR STATION MEMPHIS TN
BT

UNCLAS //N01500//

COMISAT CMI STUDENT INSTRUCTION DATA

1. TE X T (40 lines maximum)

BT

#1234

RTCUDAZZ RULYSAA 1234 2081300 MTMS-UUUU NNNN

Based on an assumption of 30 students engaged in an average of
two hours per day of training, the daily data requirements of the CMI
messages sent would be two of the above messages, or 5,454 characters
per day (sending 30 CMI messages in each batch). The communications ef- ‘

ficiency (CE) of this process may be calculated as follows:
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_ Text characters 2460

e 1
= Total characters 2727 * 100% = 90.2%

CE

However, 1f there were only 20 CMI messages sent in the batch

(and hence three messages sent per day), each message would contain:

Header 208 characters
Text (20 x 82) 1,640 characters
Trailer 59 characters

Total 1,907 characters

Thus, the total data requirements of the three messages would be 5,721
characters per day. The communications efficiency of this process would
1640

be: 1907 X 100% = 86.0%

Finally, if the CMI messages can be sent in batches of ten,

each message would contain:

Header 208 characters
Text (10 x 82) 820 characters
Trailer 59 characters

Total 1,087 characters

The total data requirements of the six messages would be 6,522 characters

per day, with a communications efficiency of:

820

1087 ¥ 100% = 75.4%

The data requirements of the reply messages can be calculated

in the same way. The number of CMI message replies, Nr’ that could be

1 2
This assumes no retransmissions or service messages because of trans-
mission errors.
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batched depends on their length. If the length of the CMI message re-

ply is 1,600 characters of text and one end-of-message character,

_ 62 characters x 40 lines
r (1,600 + 1) characters

N = 1.55 CMI message replies per Navy

message reply.

Assuming that only one CMI message reply of 1,601 characters
of text was sent, the total number of characters sent in each Navy mes-

sage reply is:

Header (see Table III-2) 237 characters
Text (1,601) 1,601 characters
Trailer (see Table III-2) 54 characters

Total 1,892 characters

Table I11-2. NTCS Format of Reply Message
from CM! Computer to Ship:
Originated in Card-to-Tape by
NETISA Detachment, Memphis

RCTUDAZZ RULYSAA1234 2801300 0050-UUUU—RUISIFK «
ZNR vuuuu <<

R 061300Z OCT 76 <

FM NETISA DET NAVAL AIR STATION MEMPHIS TN <
TO USS JOHN F KENNEDY <

BT <

UNCLAS  //N01500// <<

PASS TO COMISAT LEARNING SUPERVISOR <<

COMISAT CMI STUDENT INSTRUCTION DATA <

1. TEXT 40 LINES BLOCK «

BT <

RCTUDAZZ RULYSAA1234 2801300 0050-UUUU NNNN <

Note: € s the carriage return symbol

The communications efficiency of this process is:

1601

1892 x 100% = 84.6%
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Based on an assumption of 60 of these CMI message replies be-
ing sent each day, the daily data requirements of these 60 Navy message
replies would be: (60)(1,892) = 113,520 characters per day. Thus, the
total daily data requirements for the demonstration would be 118,974

characters for all messages sent and replied.

For greater communications efficiency, it should be possible to
transmit a batch of CMI message replies in which the text of any CMI mes-
sage reply which extends beyond the 40th line would continue on the next
Navy message reply. In this case, all but the last Navy reply message

would have the following characteristics:

Header 237 characters

Text (62 x 40) 2,480 characters

Trailer 54 characters

. Total 2,771 characters
2480

Communications efficiency = x 1007 = 89.5%

2771

In this case, the total number of characters in the Navy mes-

sage replies sent each day is approximately:1

(60)(1,601)

895 = 107,330 characters

which would result in a total daily data requirement over the satellite
for the demonstration ranging between 112,784 and 113,852 characters per
day. This corresponds to between 94 and 95 average 1,200-character Navy

messages to be transmitted each day.

. 1This ignores the lower efficiency of the final message in each batch of
reply messages transmitted each day. The actual total is 107,409 char-
acters for the 39 Navy message replies.
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Periodically, the Learning Supervisor (LS) will request some
administrative reports such as the complete progress of a student. Such

reports are currently printed on the Administrative Terminal for the LS.

Our review of the current system shows that:
L] Such reports are very lengthy.

L] "Management by exception' reporting would provide the LS with
information on those students needing his attention with much
less data transmission.

Since the data transmission using the satellite must be mini-
mized, we plan the following actions:
o During the demonstration, all administrative reports will be
transmitted to the LS by mail, unless we find during the Design

Phase that the size of these messages is small. The effect of
this delay on student management will be measured.

° The operational system will be designed to provide management
by exception reporting.

Hence, the requirement for LS replies via satellite during the demonstra-

tion will either be zero or negligible.

Ry Calculation of Response Time Required

The most important characteristic which determines the response
time which the communications system must meet is the time between when
the student's test is submitted for scoring and when his schedule calls
for his continuing with the next lesson. Several scenarios described

below will illustrate this relationship.

Figure III-1A illustrates the time sequence of events in the
day of a student training in a CONUS schoolhouse. He studies the train-
ing material and once each hour, on the average, he takes a test. The
test is then inserted in the OpScan 17 terminal for scoring and feedback
(indicating that he advances to the next module or remediates as shown).

Since this process keens repeating over the six- or eight-hour day, any

32




£e

FIGURE tIt11A

SCHOOL HOUSE TRAINING

FIGURE 11118
TRAINING ON SHIP
1 HOUR PER DAY

FIGURE 111:1C
TRAINING ON SHIP
2 HOURS PER DAY

FIGURE 11110
TRAINING ON SHIP
2 HOURS PER DAY

FIGURE )i1-1E
TRAINING ON SHIP
2 HOURS PER DAY

TRAINING  TRAINING
1 HR 1 HR

I

ETC

TAKE TAKE

TEST

4
sTuoY f‘ \ ‘y FEEDBACK

TEST STubDY
FEEDBACK

TRAINING
| HR

I WORK, SLEEP, ETC. 23 HOURS

24

TRAINING
1 HR

STUDY raxe

STUDY ‘pake
TEST 24 TEST
TRAINING TRAINING TRAINING
1 HA 1 HR I HR
— 6 HOURS —— — -16 HOURS ————— s
| WORK, 6 HOUAS |
PO 4 >
STUBY “rake THOUR  TakE VHMOUR  Tak
TEST TEST 2 TEST
TRAINING TRAINING
1 KR 1 HR
11 HOURS
WORK, 6 HOURS OFF DUTY TIME |
| 5 HOURS |
STUDY TAKE VHOUR ¢,
TEST 12 TEST
TRAINING TRAININC
2 HAS 2 MRS
R o o S —22 HOURS — -
l WORK, SLEEP, ETC |
STUDY I I STUDY
24 g
TAKE TAKE
TEST TEST

Figure 111-1,

Time Sequence of Training and Work Activities

7% "ON 310day o3vy




TAEG Report No. 44

delay in obtaining the feedback message is time completely lost to the
student (since he normally has nothing else to do while waiting for the
feedback) .

Figure III-1B illustrates the day's activities of a student
training for one hour per day on a ship. Assuming that he takes the test
toward the end of the training hour, he must have the test results re-
turned to him within 23 hours. Thus, the maximum total response time is
23 hours, including the time lost due to 'batching," waiting for a num-

ber of tests to be collected prior to transmission.

Figure ITI-1C illustrates a more difficult scenario, in which
two hours of instruction per day are allowed, and programmed as the first
hour and last hour of an eight-hour work shift. Thus, the intervening
time of six hours in one case and 16 hours in the other is available for

obtaining feedback on the test.

If the six-hour response time is not long enough (the demon-
stration will be used to determine this), these other possibilities are
available:

° Figure III-1D illustrates that the average of 11 hours of re-
sponse time could be achieved by delaying the start of the

second hour of training five hours by doing some other ac-
tivity, such as eating, during this time.

L Figure III-1E is another scenario in which modules are divided
into two hours of length for one test so that the test results
are not required for 22 hours.

If the scenario of Figure III-1C (the worst case, requiring
a six-hour response time) 1is imposed, there are two possibilities for

meeting this:

L) Construct the course so that the student takes two-hour modules
and hence the scenario is converted to Figure III-1lE.

L Construct the course in two parallel, but not closely related,
tracks. The student takes a one-hour module from one track,
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then a one-hour module from the second track. Alternating mod-
ules effectively changes the scenario to Figure III-1A for each
track, thus permitting a time response of 23 hours for each
track.

C. Analysis of the Communications System Alternmatives

L Structure of the Functional Analysis

To make certain that all feasible communications systems alter-
natives were identified and evaluated, the total information delivery
system was defined as consisting of three major parts, as shown in Fig-

ure III-2.

° F, consisting of all ship-to-shore and shore-to-ship communi-

cations alternatives available. These include:

-- Navy communications system, in which the GapSat satellite
plays the major role

-~  NASA ATS-1 or 3

-—  NASA ATS-6

-~  COMSAT General

-- High Frequency (HF) and AUTODIN (for ships)

- Defense Communications System and AUTODIN (for remote
land sites)

F,, consisting of all ways of interfacing the ship with F,.
T%us, the ship-to-shore interface of F. consists of all equip-
ment we must add to insert a CMI test message into F,; while
the shore-to-ship interfaces (called F]) consist of all equip-
ment we must add to convert the signal output from F2 into a
readable CMI reply message.

F_, consisting of ways of interfacing F, with the CMI computer.
Tgus, the ship-to-shore interface of F, consists of all equip-
ment we must add to transport the signal output of F, to the
CMI computer in Memphis and convert it into a form w%ich can
be accepted for processing by the computer. Conversely, the
shore-to~-ship interface (called F!) consists of all equipment
we must add to transport the signal output of the computer to
F2 and convert it into a form which can be accepted by F2.

Having described the structure of the functional analysis performed, the

analysis of the options will now be presented.
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Figur2 [11-2. Communications System Alternatives

2. Navy Communications System Options

Two fundamentally different communications system design con-
cepts were identified and analyzed using the standard Navy communications
system. The first concept, which is the one recommended for the demon-
stration, uses the standard Navy message system, in which the CMI message
is converted into a standard Navy message, inserted into the Navy Modular
Automated Communications System (NAVMACS) A-Plus, transmitted to the
ship's appropriate Naval Communications Area Master Station (NAVCAMS)
fleet center (at Honolulu for the East Pacific, Guam for the West Pacific,
or Norfolk for the Atlantic) via Gapfiller, to the Memphis NAS TCC via
AUTODIN and then to the Memphis CMI computer, and return.

A second concept analyzed uses the standard Navy voice circuits,
in which the CMI message is converted into a series of coded tones and

transmitted to the NAVCAMS fleet center via a Gapfiller voice channel.
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At this point, it is routed to the CMI computer through one of several
combinations of voice channel paths, including AUTOVON, the ARPANET,
dedicated lines, or commercial telephone circuits. The return path uses
essentially the same mode of operation. Using this communications system,
which is essentially telephone circuits, is more compatible with the cur-
rent CMI system because of the coding used. The current CMI system uses
the OpScan equipment to translate the CMI message into a code called
"ASCII," and the entire system transmits and processes all information,
keeping it in this code until the Terminet translates the reply into
English. 1If the Navy voice circuits were used, we would continue to use
the same approach since the voice circuit does not distinguish what type
of information passes through it. However, if the Navy Message System

is used, a different coding system called the "Baudot" code must be used.
Hence, some coding translations will have to be done, as described later.
This system is more compatible with the CMI computer since the messages

. can remain in ASCII ccde, unlike the first concept.

Each of the two basic Navy communications system options exam-
ined will now be described, including:
° The various functions to be performed by each system option.
° How each function might be implemented (including which stan-
dard Navy equipment will be available for use, and which equip-
ment will have to be procured solely for this demonstration).

° Any Navy constraints which will have to be observed.

L An evaluation of the alternative design configurations, in-
cluding the recommended design.

L] A summary of the resources required to procure, operate, and
maintain the recommended system.

a. Option l--Navy Telecommunications System

(1) Using Navy Message Telecommunications System
Figure III-3 is a flow diagram showing the flow of

. data from the ship to the CMI computer and return using the standard Navy
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message distribution system. The three major functions involved in trans-
mitting the CMI messages from the ship to the CMI computer are:
] F, is the standard Navy telecommunications system which can

transmit a Naval message from the ship to the Memphis NAS TCC,
resulting in a magnetic or paper tape output.

® F, is the function which converts the set of CMI messages into
paper tape (the only message input which the NAVMACS A-Plus
system will accept) and transports it to the ship's telecommu-
nications center (TCC).

° F3 is the function of transporting the tape to the CMI computer.

In addition, there are three major functions involved
in transmitting CMI reply messages from the CMI computer to the ship over
this path:

L F) is the standard Navy telecommunications system which trans-
mits the message from the Memphis NAS TCC to the ship's TCC.

© F{ is the function which converts the set of reply messages
from the computer to the Memphis NAS TCC.

L Fé is the function of transporting the reply messages to the
students or instructor.

Each of these functions will now be described indi-
cating the various design options available for implementation. The cur-

rent Navy telecommunications system, or FZ’ is discussed first.

(a) FZ: Navy Telecommunications System

FZ is described first since it is the given ele-

ment with which F1 and F3, of numerous variations, must interface. Alter-
native ways by which these functions can interface with F2 will be de-

scribed next.

The current Navy system accepts a message in
hard copy form at the ship's TCC and logs it in. A radioman, using a

teletype, converts this message into paper tape form (the only form in
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which the NAVMACS A-Plus will accept messages), including a message
header containing the routing indicator and date/time group, and a mes-

sage trailer following the text.

A radioman then feeds the paper tape into the
NAVMACS where it is stored in the AN/UYK-20 computer and placed in line
to await transmission in accordance with its precedence. 1f the total
message is longer than the maximum of 40 lines permitted, the message is
automatically dissected into several sections and the same header used
for each. After the message reaches the head of its line, it is trans-
mitted via the Gapfiller satellite to the fleet center designated for
the particular communications area in which the ship is located. 1In the
East Pacific, this is NAVCAMS (Navy Communications Area Master Station)
Honolulu. In the Atlantic, it is NAVCAMS Norfolk. The message then
proceeds over the AUTODIN system and is automatically routed to the Mem-
phis NAS TCC as addressed.

At the Memphis NAS TCC, the digital message is
automatically decrypted and converted into either of three possible out-

put forms as previously specified in the message heading:
L4 Paper tape
L Punched cards

L4 Magnetic tapel

Each of the other two system functions (F1 and
F3) will now be described.

lIt: should be noted that currently the Memphis TCC can only provide a
paper tape output.
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(b) Flz CMI Message Input to NAVMACS

The object of function F

1 is to convert the in-

formation on the CMI message into paper tape form, suitable for entry

into NAVMACS, and transport the tape to the ship's TCC.

There are two types of CMI messages which will

be transmitted from the ship to shore:

° The first is called a Student Message and consists of a student
test to be evaluated by the computer. Here, the student com-
pletes his day's study and meets with the Learning Supervisor
(LS) (on appointment) at the learning center. There the student
takes and receives his test on an OpScan 17 test form provided
by the instructor. This procedure avoids any collusion and
gives the student an opportunity to see the instructor for any
last minute aid. To minimize student errors, each student is
given a test paper which has been pre-marked with his identi-
fication number (social security number and any other designator
desired for error checks). The average data content of a stu-
dent message is 81 characters. Currently, a student message oc-
curs once per student hour of instruction.

] The second type message is called a Learning Supervisor Message.
If the LS desires a management report from the computer, he des-
ignates this request on his OpScan message form, especially de-
signed for him to indicate which management report he desires
the computer to send him.

Since the Navy message header containing the
routing indicator and trailer require 267 characters, communication effi-
ciency is increased by batching together as many CMI messages to the
Memphis computer as is possible. However, we must also consider the
maximum delay time which the educational process can tolerate (to be de-
termined by the demonstration). This may dictate that the CMI messages
should be sent more often than once a day. It would seem that an LS
Message could be batched with Student Messages since each message has
a separate identifier, and the computer could separate the two types of
messages on that basis. Obviously, if for some (unlikely) reason the

supervisor needs faster response for a request, he would not use

batching.
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Five design alternatives for implementing F, are

1
shown in Figur<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>